inhibition of growth in both microorganisms.
Intracellular reduction followed by autoxidation, yielding O2-and H202, has been suggested as the mode of action of several antibiotics and other inhibitory agents. Thus, toxoflavin (14) , streptonigrin (10), 4-nitroquinoline N-oxide (2) , various nitrofurans (2) and quinones (22) , Na2PtCl6 (17) , Adriamycin (doxorubicin) (1, 8, 12, 16, 20) , and mitomycin C (21) were shown to act in various microorganisms and cell extracts as electron carriers between reduced nicotinamide adenine dinucleotide (NADH) (or reduced NAD phosphate) and oxygen, with concomitant production of either the superoxide anion or hydrogen peroxide. f)-Lapachone (3,4-dihydro-2,2-dimethyl-2H-naphtho [1,2-b] pyran-5,6-dione), an antimicrobial (15) and antitumor (18) o-naphthoquinone, has been shown to possess similarO2-and H202-generating properties in mitochondrial and microsomal suspensions as well as in intact cells of Trypanosoma cruzi (5, 6) (1 liter) or in the solid medium described above. Cultures were grown at 600C (B. stearothernophilus) and 370C (B. subtilis) and were monitored turbidimetrically at 600 nm (10) . Cells were harvested and washed twice in saline. Bacterial membranes were prepared by ultrasonic fragmentation of cells suspended in 0.3 M sucrose-5 mM tris(hydroxymethyl)aminomethane-hydrochloride (pH 7.3)-i mM ethylenediaminetetraacetate at 00°, for 1 min with an MSE ultrasonic disintegrator (Measuring and Scientific Equipment, London) operated at a power output of 90 W, followed by centrifugation for 15 min at 10,000 x g and 60 min at 105,000 x g. Protein was determined by the biuret method (9) .
The growth-inhibiting concentrations indicated in Table 1 were found to depend on the culture medium and methods used, so the numbers give only a comparative value. However, it was consistently found that the growth of B. subtilis was at least two times more sensitive to fB-lapachone than that ofB. stearothernophilus.
To show that there was an oxygen dependence to the f-lapachone effect, B. stearothermophilus and B. subtilis were exposed to f8-lapachone under aerobic or stringently anaerobic conditions. Anaerobic conditions were achieved by sweeping the cell suspensions with pure N2 for 1 h before the addition of 40 uM /3-lapachone.
The cells were then incubated at 600C (B. stearothermophilus) or 370C (B. subtilis), and at 30 min samples were removed, diluted, and plated onto nutrient agar plates, which were incubated for 24 h at 60 or at 370C, respectively, for quantitation of surviving cells. Controls were performed in which ,B-lapachone was not added.
There was 85 to 90% viability of cells among those exposed to ,B-lapachone under anaerobic conditions and only 2 to 4% viability among cells exposed to 84-lapachone under aerobic conditions.
To have a quantitative relationship between the rate of superoxide radical and hydrogen peroxide formation in bacterial membranes, the adrenochrome assay (5) was used, and H202 was measured by the formation of horseradish peroxidase-H202 complex II (4) .
The rates of 0-production in B. stearothermophilus and B. subtilis subcellular fragments, as detected by the adrenochrome assay, are illustrated in Fig. 1A and C 
